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Abstract：The dwell time function of the bonnet tool polishing on optics elements is achieved based on static removal function in 
recent studies. But the polishing tool keeps moving during the process, it’s necessary to do the research on dynamic removal function. 
The static and dynamic contact zone is acquired through finite element simulation analysis, and so is the contact pressure. Both of the 
contact zones are circle and the size of them are almost the same. The peak point of the dynamic contact pressure has an offset 
contrary to the direction of the tool movement compared to the static contact pressure. The dynamic contact pressure distribution 
function is deduced by using the least square method based on the theory that the static pressure distribution function is a modified 
Gaussian function. The device which can extract both the dynamic and static contact zone is set up to capture them on the condition 
of different offset. Then the simulation results are verified. The dynamic removal function is deduced and numerical simulated based 
on the forward simulation and experiment results. The removal rate of the dynamic removal function is smaller than the static 
removal function and its nadir has a deflection compared to the latter. 
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0  前言* 
现代尖端技术对光学元件的加工精度越来越
高，尤其是强激光技术的出现，对光学表面粗糙度
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图 1  气囊抛光仿真模型 
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标准差σ 修正系数 φ 
拟合残差
Δds/MPa 
0.05 0.105 5.034 3.046 2.285×10–5 
0.10 0.310 5.105 3.001 3.269×10–5 
0.15 0.546 5.327 2.759 2.683×10–4
0.20 0.806 5.571 2.522 3.245×10–4
0.25 1.083 5.738 2.332 5.569×10–4
0.30 1.368 5.887 2.172 2.237×10–3
 
表 3  不同修正函数下动态接触应力拟合结果对比 
一次修正函数 f1(λ)拟合后系数 下压量
l/mm k B 
拟合残差 
Δd1/MPa 
0.05 –1.563×102 1.067 4.215×10–5
0.10 –3.167×102 0.985 3.665×10–5
0.15 –4.093×102 0.969 1.820×10–4
0.20 –4.934×102 0.948 3.396×10–4
0.25 –4.991×102 0.945 2.775×10–4
0.30 –5.381×102 0.937 1.955×10–3
二次修正函数 f2(λ)拟合后系数 下压量 
l/mm A B C 
拟合残差 
Δd2/MPa 
0.05 5.626×104 –1.562×102 1.066 4.208×10–5
0.10 –1.381×103 –3.168×102 0.991 2.980×10–5
0.15 –5.73×104 –4.093×102 0.972 1.772×10–4
0.20 –5.739×103 –4.929×102 0.958 1.845×10–4
0.25 –5.960×104 –4.991×102 0.949 2.326×10–4
0.30 –1.500×103 –5.381×102 0.949 1.283×10–3
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图 4  拟合后的动静态接触区接触应力分布对比图 
2  动态接触区轮廓提取试验 
为了说明动静态接触区轮廓的关系，验证上文












廓。选用 BK7 玻璃作为试验材料，气囊半径为 80 
mm，气囊充气压力为 0.01 MPa，进动角为 23°，下
压量依次为 0.1 mm、0.2 mm、0.3 mm，CCD摄像























3  动静态去除函数的对比分析 
气囊抛光采用独特的“进动”运动方式，如图
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3.1  动态接触区的抛光速度 
Q点坐标为(x, y)，气囊半径为 R，则 Q点的速
度可以表示为 
 r p f+ +Q v v v v  (7) 
又 








































   (9) 
由于仿真分析中，抛光头的移动速度大小为 1 
mm/s，方向为沿 x轴正方向，故 







    2 2M r p f r p fx x x y y y      v v v v v v v   
     2 21 1| | sin cos +1 + | | cosR l y x        
  (11) 
抛光接触区的静态抛光速度与动态抛光速度相
比只是少了进给速度 vf，故静态抛光速度可表示为 
    2 2S r p r p =x x y y   v v v v v   
     2 21 1| | sin cos + | | cosR l y x        
  (12) 
利用计算机仿真可得接触区的动静态速度分





图 9  接触区动静态抛光速度 
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图 10  去除函数空间去除模型 
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